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Redshift  

Missing Parts of the Observable Space 

Image Credit: Adolf 

Schaller/NASA-MSFC 



High-redshift  

Environment 

 
Theory predicts:  

Å Cold metal-poor medium between rare star forming regions 

Å Small halos 

Å Diverse populations: small black holes, heavy stars, pair instability SN, 

variety of X-ray sources  

Å Massive star formation via Ὄ  (ὓ ṃρπὓṩ) or ὌὍ (ὓ ṃρπὓṩ)  

Å Supersonic motion between baryons and gas on large scales & 

radiative feedbacks (e.g., LW feedback) suppress star formation 



21-cm Signal of HI 

 
Probe of the ionization state ὝḐὼ ȣ 

 



 

 

Not only! 

It can also be used as a cosmic thermometer 

Ὕ ὼͯ ρ é 

Å Ly-a coupling ᴼὝ Ὕ  

Å Collisional coupling ᴼὝ Ὕ  
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Not only! 

It can also be used as a cosmological probe 

Ὕᶿὼ  ρ ρ  é

Å Growth of structure 

Å Total optical depth for the CMB (e.g., Liu et al. 2016) 

Å Nature of dark matter 

 

21-cm Signal of HI 

 
Probe of the ionization state ὝḐὼ ȣ 

 



Expected 21-cm Signal: An Example 

 

Power   Spectrum 

Drivers: 

Galaxies 

Quasars 

XRB  

BHs 

Hot Gas 

SN 

First stars 

Feedbacks 

Velocity flows  

Cosmology 

Atomic physics 

DM physics 

 

 

 

 

 

 

Global  Signal 
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ρͯπ different models 

A black hole binary  

(ESO image) 
 

A quasar 
 

Hirano et al.  

(2014)  

Star formation,  

2 parameters  

+ feedbacks 

Heating,  

3 parameters 

EoR 2 parameters 
Fialkov, Cohen, Barkana (in prep) 

X-ray Heating  

Ionization efficiency 

Constraints from 

Planck 

Large Uncertainty in  

Astro Parameters 

 



Cohen, Fialkov, Barkana (submitted) 

Å Currently very weak observational constraints 

Å Exact shape and amplitude of the 21-cm signal are unconstrained 

Å Both detection and non-detection will transform our understanding  

 

Coming out soon! 

Cohen, Fialkov, Barkana (in prep) 

Global 21-cm  Power Spectra 

~200 models 



Signature of X-ray Sources 

 

A black hole binary  

(ESO image) 
 

A quasar 
 

Dark matter annihilation 
 

Possible heating sources: 

X-ray binaries? 

Thermal emission from galaxies? 

Black holes, mini quasars? 

Dark matter annihilation? 

Cosmic rays? 

Magnetic fields? 



Absorption 

Å X-ray efficiency (effect of metallicity) 

Å SED (XRB/quasars vs hot gas) 

Å Absorption (ISM of the host) 

Å Growth of population with redshift 

(XRB vs quasars) 

Important Properties  

of X-ray Sources 

SED 

Das et al.  

2017 



ÅX-rays can easily escape from their 

host galaxies  

ÅHeat and ionize IGM 10-1000 Mpc 

away from the source 

ÅTemperature of the IGM fluctuates 

(non-homogeneous distribution of X-

ray sources) 

Effects of First X-ray Sources on the 

Environment 

 

Neutral hydrogen 

Cold or hot?  

Ionized  

bubble 

Fialkov & Barkana (2014) 


